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Background: Atherosclerosis is the underlying cause of the majority of myocardial infarctions and ischemic strokes.
Carotid intima-media thickness (IMT) is a surrogate measure of atherosclerotic cardiovascular disease. Left ventricular
(LV) function can be accurately assessed by 2D speckle-tracking strain echocardiography (2D-STE). The aim of this
study was to assess the relationship between carotid IMT and LV dysfunction assessed by strain echocardiography
in patients with coronary artery disease (CAD).
Methods: Thirty-one patients with symptoms of CAD were examined with coronary angiography, cardiac
echocardiography and carotid ultrasound. Layer-specific longitudinal strains were assessed from endo-, mid- and
epicardium by 2D-STE. LV global longitudinal strain (LVGLS) was averaged from 16 longitudinal LV segments in all
3 layers. LVGLS results were compared with coronary angiography findings in a receiver operating curve (ROC) to
determine the cut-off for normal and pathological strain values. The calculated optimal strain value was compared
to maximal carotid IMT measurements.
Results: The ROC analysis for strain versus coronary angiography was: area under curve (AUC) = 0.91 (95% CI 0.80 – 1.0),
cut-off value for endocardial LVGLS: −16.7%. Further analyses showed that increased carotid IMT correlated with low
absolute strain values (p = 0.006) also when adjusted for hypertension, smoking, hyperlipidemia, diabetes and
BMI (p = 0.02).
Conclusions: In this study increased carotid IMT values were associated with decreased LV function assessed by
strain measurements. These findings support the use of carotid IMT measurements to predict the risk of coronary
heart disease.
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The measurement of carotid intima-media thickness
(IMT) has long been regarded as a method which can be
used to evaluate the presence of generalized atherosclerotic
arterial disease [1,2]. In some reports carotid IMT values
have been related to left ventricular (LV) hypertrophy and
function [3,4]. One study of patients with carotid disease* Correspondence: david.russell@medisin.uio.no
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unless otherwise stated.showed a possible prediction of minimal cardiovascular
resistance in patients with probable CAD [5]. LV function
can be assessed with echocardiography using an ejection
fraction and wall motion score index, but this method is
highly operator dependent. A more reliable method that
could detect early LV dysfunction would therefore be of
great clinical value. Two-dimensional speckle-tracking
echocardiography (2D-STE) is a semi-automated quan-
titative technique for the assessment of strain in the LV
and is a well validated method [6,7].
Strain is an intrinsic mechanical property which mea-
sures myocardial systolic function more accurately andl Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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than conventional cavity-based echocardiographic mea-
surements [8-10].
The LV wall is a 3-dimensional continuum of myocar-
dial fibers with an inner right-handed helix (endocardium),
a middle circular layer and an outer left-handed helix
(epicardium). The endocardial layer is the most suscep-
tible to ischemic injury. Layer-specific 2D-STE allows the
assessment of LV function in all 3 layers.
Carotid IMT may be used to assess the risk for CAD
[1,2]. Ischemia due to CAD is one of the causes of
decreased LV function and there is therefore a possibility
that carotid IMT may be used to assess LV function in
these patients. The aim of this study was to investigate a
possible correlation between IMTand LV function, assessed
using strain echocardiography, in patients with CAD.
Methods
Patient population
Between September 2010 and January 2012, 31 consecu-
tive patients with suspected CAD were assessed using
B-mode ultrasound of the carotid arteries, coronary
angiography, cardiac echocardiography and 2D-STE in
the endo-, mid-, and epicardium. Inclusion criteria were
one of the following: a history of typical or atypical
angina or positive ECG stress testing. Exclusion criteria
were: age <18 years, acute coronary syndrome (ST-elevation
or non-ST elevation myocardial infarction) in the pre-
ceding 3 months, concomitant significant disease or
non-cardiological therapy which could affect cardiac re-
modelling or function, left bundle-branch block, severe
valvular dysfunction, atrial fibrillation, sustained severe
arrhythmia, or any condition which interfered with the
patients` ability to comply.
The study was approved by the Regional Ethic Com-
mittee (REK), Norway and subjects provided written in-
formed consent.
Carotid ultrasound
Patients were examined in the supine position with the
head angled approximately 45 degrees towards the contra-
lateral side. IMT measurements were synchronized with
the QRS complex on the ECG. Measurements were made
in each carotid artery at the peak of the R-wave where the
lumen is widest. IMT was defined as the distance between
the lumen-intima and media-adventitia borders of the ves-
sel identified as a double line pattern in a longitudinal
image [11]. IMT was measured in the carotid arteries on
both sides in 3 segments (Figures 1 and 2):
1. In the far wall of the common carotid artery (CCA)
1 cm proximal to the bifurcation over an area of
1 cm and in 3 different projections: lateral, posterior
and anterior.2. In the far wall of the carotid bifurcations (BIF) over
an area of 1 cm in the lateral position.
3. In the far wall of the proximal internal carotid
arteries (ICA) immediately distal to the bifurcation
over an area of 1 cm in the lateral projection.
This gave a total of 10 IMT measurements in each pa-
tient. We used the highest maximum IMT in the CCA, BIF
and ICA from either side of the neck for further analyses.
Plaque diameter was included in the IMT measurements if
present in the areas of interest. The carotid ultrasound ex-
aminations were carried out according to the American
Society of Echocardiography guidelines [12], using a General
Electric Vivid 7 ultrasound instrumentation with a linear
M12L probe (14 MHZ) (General Electric, Horten, Norway).
Coronary angiography
All patients underwent coronary angiography. The as-
sessment of CAD was performed by visual estimates in
each single stenosis with multiple projections, avoiding
overlap of side branches and foreshortening of relevant
coronary stenoses. Coronary occlusion was defined as
TIMI flow 0 or 1, while significant coronary artery sten-
osis was considered as ≥50% reduction of vessel diam-
eter in at least one major coronary artery.
Two-dimensional echocardiography
Echocardiographic studies were performed with a commer-
cially available system (ARTIDA, Toshiba Medical Systems
Corporation, Tokyo, Japan). Digital routine grey scale 2D
cine loops from 3 consecutive heart beats were obtained at
end-expiratory apnoea from 3 standard apical views (4-
chamber, 2-chamber, and long-axis). Frame rates were 47 ±
5 Hz for the grey scale imaging. The echocardiographic
data were analysed blinded for all clinical information.
Two-dimensional speckle-tracking strain echocardiography
Myocardial function by strain was evaluated on a frame-
by-frame basis by the automatic tracking of acoustic
markers (speckles) throughout the cardiac cycle. The
endocardial borders were traced in the end-systolic frame
of the 2D images from the 3 apical views for analyses of
longitudinal endocardial, mid-myocardial and epicardial
strain (Figure 3). Peak systolic longitudinal strain from
3 layers was assessed using off-line software (Toshiba
Medical Systems Corporation, Tokyo, Japan) in 16 longitu-
dinal segments. All segmental values were averaged to
global longitudinal strain (GLS). Segments that failed to
track properly were manually adjusted by the operator. Any
segments that subsequently failed to track were excluded.
Statistical analysis
Data were presented as mean ± standard deviation (SD),
numbers and percentages respectively. Student`s t-test
Figure 1 Drawing of a carotid artery showing the location (in grey) for the measurements of intima-media thickness (continuous-stippled
line) in our study.
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between two groups. We used multiple linear regressions
to determine the relationship of carotid IMT with hyper-
tension, smoking, hyperlipidemia, diabetes and BMI. (SPSS
version 18, SPSS Inc, Chicago, Ill). The areas under the re-
ceiver operating characteristics (ROC) curves (AUC) were
calculated for endocardial, mid-myocardial, epicardial and
carotid IMT. The values closest to the upper left corner of
the ROC curves determined optimal sensitivity and specifi-
city for the ability of endocardial, mid-myocardial, epicar-
dial and carotid IMT to predict the presence of significant
CAD. Sensitivity and specificity was calculated using open-
epi.com (Open Source Epidemiologic Statistics for Public
Health, Version 2.3.1.).
Results
Thirty- one patients took part in the study. Two pa-
tients were excluded due to poor echocardiographicFigure 2 Drawing of the right common carotid artery showing the primage quality. Strain analyses were therefore performed
in 29 patients.
The age of the patients ranged from 53 to 75 years.
There were 81% males in the study. Baseline characteris-
tics of the patients are shown in Table 1.
A total of 20 (65%) patients had significant CAD
(≥50% stenosis). Eight of these patients had an occlusion
of a major coronary artery) and 11 (35%) had a non-
significant CAD (<50% stenosis). There was a significant
difference in endocardial and mid-myocardial LVGLS be-
tween the patients with significant coronary stenosis and
the patients with non-significant coronary stenosis. Layer-
specific LVGLS compared to the coronary angiography
findings are shown in Table 2.
Left ventricular Ejection Fraction (LVEF) was: mean ±
SD; 61% ± 6% for the total group of patients. Patients with
normal endocardial strain had EF values of: mean ± SD;
62% ± 6.0% and patients with reduced endocardialobe orientations for the ultrasound examinations.
Table 1 Patient characteristics
Number of patients, n 31
Age (range) 64 (53–75)
Males, n (%) 25 (81)
TIA and ischemic stroke, n (%) 0
Heart attack (former), n (%) 5 (16)
Figure 3 Endocardial longitudinal strain study of a patient with significant coronary artery disease. The automatic strain analysis in a
patient with angina and significant left anterior descending (LAD) artery stenosis. The apical four-chamber view showes reduced colour coded
subendocardial strain values segments supplied by the left LAD artery. Colour-coding from yellow to green indicates strain from +30% to −30%.
Yellow= normal strain. Brown = areas with reduced strain. On the right strain curves for the 6 subendocardial segments are presented. The white arrow
shows reduced strain values of – 14% in the curves representing the segments supplied by the LAD artery. AL = apicolateral; AS = apicoseptal; BL =
basolateral; BS = basoseptal; ML =midlateral; MS =midseptal.
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significant (p = 0.091).
Figures 4a-d shows ROC analyses of layer specific
strain parameters and the ability of IMT measurements
to identify patients with significant CAD. Maximum ca-
rotid IMT ranged between 1 mm and 2.88 mm for the
whole group of patients including carotid plaques in the
IMT measurements. For the group with normal endo-
cardial strain values, defined by the cut-off strain value
of −16.7, carotid IMT was 1.2 mm± 0.2 (mean ± SD) and
for the group with reduced endocardial strain values the
carotid IMT value was 1.7 mm± 0.5 (mean ± SD). Inde-
pendent samples t-test comparing the two groups was sta-
tistically significant (p = 0.006). There was significant
correlation between endocardial LVGLS and maximum
carotid IMT (p = 0.006). The results of linear regression
analyses which incorporated adjustment for known risk
factors of atherosclerosis (hypertension, smoking, hyper-
lipidemia, diabetes and BMI) were made and showed
significant results (p = 0.02).Diabetes, n (%) 5 (16)
Hypertension, n (%) 17 (55)
Hyperlipidemia, n (%) 12 (39)
Smoking, n (%) 5 (16)
BMI 28 ± 4
TIA = transient ischemic attack; BMI = body mass index.Discussion
In this study we found a significant correlation between
increased carotid IMT and LV dysfunction. We also found
associations between significant CAD assessed by coron-
ary angiography and reduced endocardial and mid-myocardial function assessed by 2D speckle-tracking
strain echocardiography.
The cut-off value for endocardial strain was approxi-
mately −16.7% whereas normal strain values are approxi-
mately −20% [13]. We had no gold standard with regard
to normal and abnormal 2D-STE values which could be
used for the ROC curves comparing carotid IMT versus
2D-STE. We therefore calculated a cut-off value for patho-
logical endocardial strain measurements. We found affec-
tion of LV function in the endocardial and midmyocardial
layers but not in the epicardial layer. This finding is in ac-
cordance with the fact that, reduced myocardial function
Table 2 Layer-specific global longitudinal strain of the left ventricle compared to coronary angiography findings
< 50% stenosis (n = 11) ≥ 50% stenosis (n = 18) p-value
Endocardial LVGLS - 19.5 ± 2.2 −15.0 ± 2.7 0.001
Midmyocardial LVGLS −15.4 ± 1.6 −13.1 ± 2.6 0.011
Epicardial LVGLS −12.8 ± 1.9 −11.6 ± 2.2 0.169
Left ventricular global strain (LVGLS) is in mean ± SD.
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most susceptible layer for ischemic injury [14].
There are few studies investigating the association be-
tween carotid disease and early left ventricular injury but
there are some findings which correspond to the present
study. The correlation between LV dysfunction and in-
creased carotid IMT was found in one study of individuals
free of clinical CAD, where greater carotid IMT wasArea under the 
curve (AUC) 0.91




Figure 4 ROC curves for coronary angiography and carotid IMT versu
2D-STE. b: Coronary angiography versus mid-myocardial 2D-STE. c: Coronar
IMT versus endocardial 2D-STE.associated with changes of myocardial strain, measured by
tagged MRI [15]. Mizuguchi et al. found that LV relaxation
measured by 2D-STE was associated with carotid arterial
atherosclerosis in particular related to sclerosis, measured
by carotid arterial stiffness. They did not find this correl-
ation for carotid IMT and LV strain [16].
The assessment of LV function is challenging due to its
very complex deformation pattern. All imaging modalitiesArea under the 
curve (AUC) 0.80




s ventricular strain. a: Coronary angiography versus endocardial
y angiography versus epicardial 2D-STE. d: Average maximum Carotid
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cardial strain measures are only a component of LV func-
tion, it has been demonstrated to be an accurate and
reproducible measure in several studies [6,7].
All patients in our study had symptoms of CAD or
risk factors for atherosclerosis. It is known that struc-
tural and functional changes in the carotid arteries occur
with normal aging. However, the presence of cardio-
vascular risk factors accelerate these changes [17-19].
It is well known that carotid intima-media thickness and
plaques have different pathophysiological mechanisms.
However, both carotid IMT and plaques are well-known
indicators of increased risk for cerebro- and cardiovascular
disease [20,21]. We therefore included the diameter of
the small number of plaques when detected in the area
of interest.
In a study of patients with hypercholesterolemia and
preserved LVEF, 1 year treatment with a statin improved
regional LV systolic and diastolic function measured by
strain [22]. Carotid stiffness was lower after statin ther-
apy, but there was no difference in carotid IMT before
and after treatment with a statin. This is probably due to
the fact that the annual rate of IMT progression is lower
than the resolution of carotid ultrasound (≈0.3 mm).
The presence of increased IMT may lead to detection of
very early cardiac dysfunction which may benefit from
cardiovascular risk management.
The results of this study support the few previous
studies which have examined a possible association be-
tween carotid IMT and LV strain. B-mode ultrasound
of the carotid artery is a non-invasive, inexpensive and
widely used examination and may therefore be an add-
itional appropriate tool for the assessment of possible
CAD. An ultrasound examination of the carotid arteries is
mandatory in all cases with cerebrovascular disease. A
more detailed examination which includes IMT measure-
ments in patients with cardiovascular risk factors may
therefore be of value when estimating the risk of sub-
clinical coronary artery disease.Conclusion
In this study increased carotid IMT values were associ-
ated with decreased left ventricular function. These find-
ings support the use of carotid IMT measurements to
predict the risk of coronary heart disease.
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